Apart from the experiments described in the text, further time-dependent spectra were recorded in different solvents. These and some of the spectra not shown in the main part of the manuscript are presented and discussed here. In diethyl ether as the solvent, a spectrum similar to that in acetone (see main part of the paper) results from oxygenation of [Cu I (L 1 )] + , with transitions at 615, 521 and 454 nm ( Figure S1 ). The small shift to lower wavelengths is a not unexpected solvatochromism. After 10 min a new band at 371 nm starts to develop in this reaction in Et2O, and this dominates the spectrum after 2 h; there is no isosbestic point in this reaction. Figure S1 . Oxidation of [Cu I (L 1 )] + (diethyl ether, -80°C, c= 2.7•10 -4 M), recorded within 120 min; the values for extinction coefficients are based on 100% conversion.
. Product of the reaction of [Cu II (L 1 )] 2+ with H2O2 (MeOH, -80°C, c = 5.5•10 -4 M).; dashed line: [Cu II (L 1 )] 2+ + NEt3; full line: [Cu II (L 1 )] 2+ + H2O2 + NEt3; dotted line: spectrum of the hydroperoxo complex after warming up to ambient temperature; the values for extinction coefficients are based on 100% conversion.
In THF as the solvent ( Figure S3 ), there is formation of an additional and new complex.
Two of the three bands of trans-[(Cu II (L 1 ))2O2] 2+ , observed in acetone, are shifted in THF to 635 and 524 nm. The third transition (expected at around 450 nm) is partially obscured by a new strong band at 414 nm, which forms immediately and persists; its first signs of decay only occur after more than 1.5 h). The new oxygenated species, which coexists with the putative trans-[(Cu II (L 1 ))2O2] 2+ peroxo-complex, is tentatively assigned to a mononuclear η 1 -superoxo Cu II complex. Figure S3 . Oxidation of [Cu I (L 1 )] + (THF, -80°C, c = 2.7•10 -4 M), recorded within 90 min; blue (for comparison): [Cu I (L 1 )] + ; black: oxygenated complex; the values for extinction coefficients are based on 100% conversion.
An intensely green solution is obtained at -120°C in MeTHF (see Figure S4 ). In addition to the two bands at 613 and 515 nm, assigned to trans-[(Cu II (L 1 ))2O2] 2+ , there again is a strong additional transition, in this solvent at 452 nm, which we also assign to [Cu II (L 1 )O2] + , i.e. a mononuclear η 1 -superoxo-Cu II complex (solvatochromism, see experiment in THF, Figure S3 ).
Moreover, there is another new transition at 340 nm, which is due to a third complex, probably a hydroperoxo complex ([Cu II (L 1 )OOH] 2+ , see also experiment in diethyl ether above). This putative hydroperoxo complex forms relatively slowly (see below for further characterization of this species). The changing transition energies are proposed to be due to the change in solvent and temperature. The ligand L 3 with its meta-xylene bridge provides the possibility to form both trans-peroxo complexes (Cu : O2 ratio of 2 : 1) and complexes which are oxygenated at both copper centers (Cu : O2 ratio of 1 : 1). The electronic spectrum generated at -80°C in acetone (c = 1.3•10 -3 M) has two bands at 334 nm and 406 nm, as well as a weak band at 637 nm (see Figure S5 ). The oxygenation product is not stable, i.e. the band at 406 nm decays within 60 min at -80°C. The assignment of the spectra to specific oxygenated complexes is not unambiguous. The UV-vis spectrum of oxygenated [Cu I 2(L 3 )] 2+ at -120°C in MeTHF has three bands at 412 nm, 563 nm and 678 nm (see Figure S6 ). These electronic transitions are typical for an end-on superoxo complex. Although the structure of [Cu I 2(L 3 )] 2+ allows for both trans-peroxo and end-on superoxo, the end-on superoxo complex seems to be preferred due to the steric strain induced by a potential trans-peroxo bridge. After warming to -80°C the three bands decrease in intensity, and a new band at 398 nm is formed. This is very similar to the spectrum observed in acetone. A solution of the oxygenated complex (-120°C) was allowed to warm up to ambient temperature and was then analyzed by ESI mass spectrometry. Interestingly, a partially oxidized ligand was characterized (see Figure S10 ). The main fragment is a bispidine-derived aldehyde, which is proposed to be formed by attack at the CH-benzylic position near to the meta-xylene group (see Scheme 3 in the main text). This is not an unexpected reaction, and similar pathways have been described before. However, at this time we cannot be sure about 6 what species is effecting the oxidative N-dealkylation reaction, a superoxo, (Cu II )2-peroxo or another [Cu I 2(L 3 )] 2+ /O2 derived species. Figure S7 . Determination of molecular dioxygen recovered from [Cu II (L 2 )O2] + , THF, c = 1.0•10 -3 mol/l, λ = 400 nm. The plot shows the amount of added oxygen vs. the spectrophotometrically determined absorption of a basic pyrogallol solution. Red and blue crosses represent measurements 1 and 2, respectively (75% and 76% recovery). Figure S8 . EPR-Spectra of [Cu II (L 1 )(NCCH3)] 2+ (left) and [Cu II (L 2 )(OH)] + (right); frozen solutions (90K, MeCN/toluene for [Cu II (L 1 )(NCCH3)] 2+ , MeOH for [Cu II (L 2 )(OH)] + ); continuous lines: experimental spectra, dotted lines: X-Sophe 64 simulations. Figure S9 . Electrochemical traces for [Cu II (L 1 )(NCMe)](BF4)2, [Cu II (L 2 )(OH)](ClO4) and [Cu II 2(L 3 )](BF4)4, solvent: MeCN, 100mV/s. Figure S10 . ESI-MS of a solution of [Cu I 2(L 3 )] 2+ , oxygenated in MeTHF at -120 0 and then allowed to warm to ambient temperature, before recording the spectrum. The signal at 459.26 corresponds to L 3 with one cleaved bispidine unit, see text. Figure S11 . Relative energies (kJ/mol; calculated with the B2 basis set), for all relevant spin states of the oxygenated complexes [(Cu II (L 1A ))2O2] 2+ , [Cu II (L 1 )O2] + / [Cu III (L 1 )O2] + and [Cu II (L 2 )O2] + (as usual, S is the spin state considered; note that more appropriately, the nomenclature of these states should be MS = 0, 1). Figure S12 . The charge transfer transition involved at 490 nm of [(Cu II (L 1A ))2O2] 2+ . 
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